Introduction

C
ontemporary cross-national studies demonstrate that, in most countries, the majority of young people report a very good health status. This is reflected by indicators of general health, 1 healthy dietary practices, 2 engagement in physical activity 3 and abstinence from substance misuse. [4] [5] [6] Yet, inequalities in health persist. These are especially disadvantageous to adolescents with a lower socio-economic status (SES). 7 Socio-economic gradients in adolescent health have persisted over recent decades. 4, 8, 9 Among adolescents, such inequalities have been identified for self-rated health; psychological health; academic performance;
10 mental health problems; 11 life satisfaction; 12 overweight and obesity; and its behavioural determinant of physical inactivity. 13, 14 There is evidence of an increasing socio-economic gap in such health indicators during the last decade, 8, 9 although the available research base is still scant. Consideration of these inequalities and their impacts remain a high priority for health policy. 15 Relatively few studies have focused on international trends in adolescent health inequalities. 8, 9 Few cross-national studies have investigated the experiences of adolescents who report substantially worse health outcomes (the so-called 'bottom-end' of health [16] [17] [18] ) relative to others. Focus on adolescents at risk for poor health is important as such inequalities tend to perpetuate into adulthood. 15 While economic arguments suggest that investing in the early childhood years is an efficient strategy to build a productive future workforce, 19 similar arguments are seldom heard with respect to adolescence, although this remains a crucial developmental period for a healthy transition to adulthood. There is also evidence that interventions that are implemented during adolescence can mitigate adverse effects of poor well-being during earlier childhood. 20 In a large cross-national study that spanned 12 years (2001/2002-2013/2014 ) and involved some 700 000 adolescents from 31 European and North American countries, we studied the extent to which their SES, relative to their peers in the same country, was associated with being in the bottom-end of different indicators of health behaviours. Here, we focused on indicators of physical activity and diet. Physical inactivity and the absence of a balanced diet are key reasons for increases in childhood obesity 21, 22 and other indicators of short-term and chronic morbidity. [23] [24] [25] [26] [27] [28] [29] [30] Our primary objective was to estimate the magnitude of the association between family SES and poor ('bottom-end') adolescent physical activity and dietary behaviours across 34 countries. Moreover, if there was evidence of such an association, we aimed to determine whether the magnitude of this socio-economic gradient changed over time in the different countries (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . This foundational information would inform social policies and health promotion strategies, internationally.
Methods
'Health Behaviour in School-aged Children' (HBSC) is a crosssectional school-based study that has been conducted every 4 year since 1982. HBSC aims to increase the understanding of adolescent health and well-being as well as the health behaviours and social environments that contribute to such outcomes. 5 Data are collected from 11-to 15-year-old school children according to a common international protocol. Each member country obtained ethics clearance to conduct the survey from a university-based review board or equivalent body. A detailed description of the aims and theoretical framework of the HBSC study can be found elsewhere. 
Socio-economic status
The Family Affluence Scale (FAS) is a measure of material family wealth developed as an indicator of absolute level of SES. 23, 24 Between 2001/2002 and 2009/2010, the HBSC FAS scale was comprised of reports for the following items: ownership of a family car (0, 1, 2 or more); own bedroom (no = 0, yes = 1); family holidays during the past 12 months (0, 1, 2, 3 or more); and family computer(s) (0, 1, 2, 3 or more). These items are combined to produce a composite score ranging from 0 (low affluence) to 9 (high affluence). In 2013/2014, two more items were introduced to this scale, numbers of bathrooms and ownership of a dishwasher. 24 As per precedent, 31 cycle-specific measures of FAS were transformed into a continuous proportional rank score ranging from 0 to 1, separately by country, with the country sample means set at 0.5. These country-specific ridit scores reflect the proportion of respondents with lower family affluence, with higher values reflecting higher levels of SES relative to others within the country. In regression models of health, one unit on the ridit scale refers to the difference between the least affluent and most affluent adolescents in the country. 
Physical activity
Moderate-to-vigorous physical activity (MVPA) was measured by asking on how many days over the past seven participants were physically active for at least 60 min. The survey item defined MVPA as 'any activity that increases your heart rate and makes you get out of breath some of the time' and includes examples such as running and brisk walking. 24 Response options ranged from 0 days to 7 days. The item has been used in the HBSC since 2001/2002 and correlates highly with a general question about physical activities. 3 The measure reflects current policy recommendations for children's physical activity. 25 
Healthy diet
Following precedent, 26 two items on fruit and vegetable consumption from an abbreviated food frequency questionnaire were combined into a healthy eating index. Each item was first re-coded from an ordinal to a ratio scale as follows: 'never'= 0, 'less than once a week' = 0.25, 'once a week' = 1, '2-4 days a week' = 3, '5-6 days a week' = 5.5 and 'once a day, every day' and 'more than once a day, every day' = 7. The two items were then added together so that the index ranged from 0 to 14, with 0 corresponding to never eating fruit or vegetables and 14 to eating both fruit and vegetables at least once a day.
Unhealthy diet
Items on sweets and sugar-added soft drinks consumption similarly contributed to an unhealthy eating index. Items were first reversecoded as follows and then summed together: 'never' = 7, 'less than once a week' = 5.5, 'once a week' = 3, '2-4 times/week' = 1, '5-6 days a week' = 0.25 and 'once a day, every day' and 'more than once a day, every day' = 0. In the composite 0-14 scale, 0 denotes consuming both sweets and sugared drinks at least once a day and 14 refers to never consuming sweets or sugary drinks.
Indicators of 'bottom-end' health
To identify adolescents who have substantially poorer health behaviours relative to their peers, we estimated the mean in the lower half of the distribution for each indicator separately, by country and year. Adolescents who fell below this threshold reported worse outcomes than an average respondent among the least well performing half of their population. This method has been applied in past HBSC, 16 UNICEF 17, 18 and other international reports. 27 The present study focuses on the individual determinants of scoring in the bottom-end group (separately by indicator, country and year) rather than on the country-level dispersion of health scores in the lower half of the distribution [see 27].
Analysis
Our analysis focused on the strength of associations between the country-specific ridit-transformed FAS score and bottom-end health outcomes. We used linear probability models (i.e. ordinary least squares regressions with binary dependent variables) separately for each indicator, country and survey year. Such models are computationally straightforward and easy to interpret in terms of differences in probabilities of the outcome, but since they can produce biased estimates 28 we also replicated all analyses using logistic regression. The findings were qualitatively identical (see the online appendix).
All models controlled for age and gender and were fitted separately by country, using sample weights. Standard errors were adjusted to reflect the complex sampling structure of the surveys, with schools identified as primary sampling units and regions as strata (where relevant, i.e. in Belgium and the United Kingdom). We report on the effects of a one-unit difference in the ridit score for family affluence (the difference between the least and most affluent adolescents) on the probability of being in the bottom-end group for each indicator, controlling for age and gender. To investigate whether the effects of family affluence have changed significantly (P < 0.05) over the last four survey cycles, we included a trend variable (with 2001/2002 cycle as referent) with interaction terms between this trend variable and each of the three other predictors (i.e. family affluence, age and gender).
Results
There was substantial cross-national variation in the size of the bottom-end group of adolescents (i.e. those scoring below the mean of the lower half of the distribution in their country) to define the bottom-end group. The share of adolescents that 'fell behind' on MVPA ranged from 10% in Portugal to 27% in Belgium, while the proportion of those that 'fell behind' on healthy eating (fruit and vegetable consumption) varied from 16% in Belgium and Switzerland to 26% in Hungary and Spain. While one in four adolescents (25%) scored poorly on unhealthy eating (abstinence from sweets and sugary drinks) in the combined sample, this varied from 12% in Sweden to 33% in Norway. Table 1 shows large and widespread socio-economic inequalities in physical activity and healthy eating, with mixed results for unhealthy eating. In all 31 countries in the 2013/2014 analysis (note that there are 34 countries overall, but only 31 in 2013/ 2014), adolescents from more affluent households were significantly Notes: Percentage point difference between the most and the least affluent adolescents; Standard errors adjusted for clustering at the school level and stratification by region (Belgium and the United Kingdom); Statistically significant effects (P < 0.05) in bold.
(P < 0.05) less likely to fall behind in MVPA, with the FAS gradient ranging from À8.3% in Finland (best performing) to À21.9% in Luxembourg (worst performing). Thus, the probability of scoring in the bottom-end group in MVPA is 21.9% points lower for adolescents from the most affluent families in Luxembourg than for their peers from the least affluent families. Similarly, adolescents in the lowest SES strata were more likely to fall further behind in healthy eating in all countries except Malta and Romania, where there were no statistically significant differences identified. The United Kingdom showed the largest negative gradient in healthy eating: the poorest adolescents were 21.3% points more likely to fall furthest behind. Hungary posted the largest negative gradient in unhealthy eating: adolescents from the most affluent families were 16.1% points less likely to consume excess sugar. In contrast, the most affluent adolescents in Estonia were 7.1% points more likely to engage in unhealthy eating.
In the vast majority of the countries studied, the sizeable and statistically significant socio-economic gradient in MVPA remained stable over time ( figure 1) . In six countries, it became significantly (P < 0.05) larger in absolute terms between 2001/2002 and 2013/2014: Belgium, Italy, Latvia, the Netherlands, Sweden and the United Kingdom.
The FAS gradient in healthy eating remained stable over time in most of the countries studied (figure 2). In Canada and the United Kingdom this gradient increased, suggesting that adolescents from lower socio-economic backgrounds were increasingly less likely to consume fruit and vegetables when compared with their peers. In three other countries-Latvia, Lithuania and Romania-the FAS gradient has decreased. Although in Latvia and Lithuania adolescents from lower-affluence families were still significantly (P < 0.05) less likely to eat healthily, in Romania socio-economic inequalities were no longer statistically significant in 2013/2014.
Conversely, in the majority of the countries analysed, there were no statistically significant socio-economic inequalities in unhealthy eating in 2013/2014. In eight countries, adolescents from more affluent households were less likely to report frequent consumption of sweets and sugary drinks, while in three others (Estonia, Latvia and the Netherlands), they were more likely to do so. While in many countries, there was not a significant (P < 0. In six of these-Estonia, Latvia, Lithuania, Poland, Portugal and Romania-adolescents from more affluent backgrounds were more likely to report a higher frequency of unhealthy eating than their peers in 2001/2002, but these differences either narrowed or disappeared by 2013/2014. In the remaining two countries, Belgium and Hungary, adolescents from less affluent backgrounds were increasingly more likely to report a higher frequency of unhealthy eating.
Discussion
Adolescence is a critical period of transition in the life course, characterized by biological, psychological and relational changes. Such transitions are of fundamental importance to health 15 and set the stage for future patterns of adult inequalities. 29 In the vast majority of studied countries between 2011/2012 and 2013/2014, adolescents from relatively low SES families had a greater likelihood of falling furthest behind in health, particularly with respect to reported physical activity and healthy eating.
For unhealthy eating another pattern emerged, with no indication of an association with SES for the majority of the countries and mixed results for the rest. Sweets and soft drink consumption may be associated with knowledge about healthy diets, which is typically higher in more affluent socio-economic groups. 30 Indeed, in eight countries (i.e. Belgium, Denmark, France, Hungary, Iceland, Ireland, Spain and the United Kingdom), young people from low socioeconomic groups were overrepresented in the bottom-end of unhealthy eating in 2013/2014. In four of these (i.e. Belgium, France, Spain and the United Kingdom), the pattern has persisted since 2001/2002. Meanwhile, in another six countries (i.e. Croatia, Estonia, Latvia, Lithuania, Poland and Portugal) adolescents from more affluent backgrounds were more likely to report a higher frequency of unhealthy eating than their peers in 2001/2002, although the association decreased or disappeared by 2013/2014. This is consistent with historical studies that documented a positive association between family affluence and frequent soft drink consumption among adolescents in Central and Eastern Europe (CEE) at the turn of the century, possibly as an indicator of the ability to afford such luxuries and hence relative wealth. 32 Inequalities in adolescent health were widening in some of the countries studied. Socio-economic inequalities in MVPA increased in six countries during the 12-year study period (Belgium, Italy, Latvia, the Netherlands, Sweden and the United Kingdom). In Canada and the United Kingdom, the association between SES and adolescent healthy eating became more pronounced over time, as did unhealthy eating in Belgium and Hungary. Widening national income inequalities tend to increase socio-economic differences in health, perpetuating the socio-economic divide. This study has several potential limitations. First, the crosssectional design of the HBSC study precludes the establishment of the temporal sequence of events, limiting claims on causality. It is unlikely, however, that the outcomes of physical activity and diet would precede (or be determinants) of SES. Second, the indicators of adolescent health used here, although standardized and validated for cross-national comparison, 26, 33 come with their own inherent limitations. The indicators of fruit, vegetables, sweets and sugary drink consumption are all based on frequency of intake, rather than amounts consumed. 2 Thus, we do not know whether, e.g. adolescents who reported daily consumption of fruit and vegetables actually consumed five portions of fruit and vegetables a day, but our measures are the best proxies for healthy and unhealthy eating afforded by our data. Our measure of SES relies on an assumption that 'the scores of the [FAS] scale can be used to rank individuals and groups along a latent continuum of material wealth'. 31 Although FAS has been validated against other measures of family SES, such as parental occupation, 23 the scale is subject to measurement error; and it is very challenging to assess this construct by self-report in populations as young as 11 years. Finally, not all countries were present in each of the four survey cycles, limiting the cross-country comparability of the results.
In conclusion, this study establishes that socio-economic inequalities in adolescent physical activity and dietary behaviours are large and stable across countries and over time. These are important findings because they suggest two common mechanismsphysical activity and diet-by which health inequalities emerge and adolescents become socially disadvantaged within and across different cultures and societies. The results indicate a fundamental unfairness [16] [17] [18] that affects the most socio-economically disadvantaged adolescents in almost all societies; an unfairness that is consistent and persistent and sets the stage for negative health trajectories. These findings point to a universal need for public health interventions focused on physical activity and diet, including social policies that specifically target these and other aspects of health in our most disadvantaged children, as priorities, nationally and internationally.
